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(57) ABSTRACT
An 1mage forming apparatus includes an 1image forming unit
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nat forms an image on a recording medium; a width detector
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nat detects positions of side edges of the recording medium

in a width direction, which i1s orthogonal to a conveying
direction 1 which the recording medium 1s conveyed, at
multiple detection positions along the conveying direction; a
shape calculator that calculates angles between the conveying
direction and straight lines each connecting the positions of
the same side edge detected at the multiple detection posi-
tions and calculates a shape of the recording medium based on

t
t

ne angles; and a correction unit that corrects image data of
ne 1mage to be formed by the 1image forming unit based on

t

ne calculated shape of the recording medium.
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IMAGE FORMING APPARATUS FOR
CALCULATING SHAPE OF RECORDING
MEDIUM BASED ON ANGLES BETWEEN

CONVEYING DIRECTION AND STRAIGHT
LINES USING UPSTREAM AND
DOWNSTREAM DETECTORS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s based upon and claims the ben-
efit of priority of Japanese Patent Application No. 2012-

168504, filed on Jul. 30, 2012, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

An aspect of this disclosure relates to an 1mage forming
apparatus.

2. Description of the Related Art

In the commercial printing industry, for small-lot printing,
of various types of data and variable data printing, a Print On
Demand (POD) system including an electrophotographic
image forming apparatus has become more popularly used
than an offset press. An electrophotographic image forming
apparatus used for such a purpose needs to provide accurate
registration or register (the correspondence of the position of
printed matter on the two sides of a sheet) and 1mage unifor-
mity that are comparable to those of an offset press.

Causes of misregisteration or misregister (1.e., 1naccurate
registration) in an 1image forming apparatus include registra-
tion error 1n the vertical or horizontal direction, skew error
between arecording medium and a printed image, and change
in 1mage length caused when a toner 1image 1s transferred.
Also, 1n an 1image forming apparatus including a fusing unat,
misregistration may occur due to an 1mage magnification
error that 1s caused when a recording medium heated by the
fusing unit expands or contracts.

In a related-art technology for preventing misregistration,
alter an 1mage 1s printed on a front surface of a paper sheet (an
example of a recording medium), dimensions of the paper
sheet 1n the main-scanning and sub-scanning directions are
detected at given positions on the paper sheet, and the mag-
nification of an 1image to be printed on a back surface of the
paper sheet 1s corrected based on changes in the size of the
paper sheet that are determined based on the detected dimen-
sions of the paper sheet (see, for example, Japanese Laid-
Open Patent Publication No. 2004-271739 and Japanese
Laid-Open Patent Publication No. 2007-102090).

Here, when a paper sheet 1s heated and pressed by a fusing
unit to print an 1image on the front surface, the shape of the
paper sheet unevenly changes, for example, from a rectangle
to a trapezoid. That 1s, a paper sheet 1s deformed unevenly 1n
the main-scanning direction and the sub-scanning direction.
However, with the related-art technology where changes 1n
the size of a paper sheet are determined based on the dimen-
s10ms of the paper sheet 1n the main-scanning direction and the
sub-scanning direction, each of which 1s detected at one posi-
tion on the paper sheet, 1t 1s not possible to detect changes in
the size of the paper sheet at other positions and therefore 1t 1s
difficult to accurately determine the shape of a deformed
paper sheet.

SUMMARY OF THE INVENTION

In an aspect of this disclosure, there 1s provided an 1image
forming apparatus including an image forming unit that
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2

forms an 1mage on a recording medium; a width detector that
detects positions of side edges of the recording medium 1n a
width direction, which 1s orthogonal to a conveying direction
in which the recording medium 1s conveyed, at multiple
detection positions along the conveying direction; a shape
calculator that calculates angles between the conveying direc-
tion and straight lines each connecting the positions of the
same side edge detected at the multiple detection positions
and calculates a shape of the recording medium based on the
angles; and a correction unit that corrects image data of the
image to be formed by the image forming unit based on the
calculated shape of the recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram illustrating an exemplary
configuration of an image forming apparatus according to a

first embodiment;

FIG. 2 1s aschematic diagram 1llustrating a part of an 1mage
forming apparatus according to the first embodiment;

FIG. 3 1s a block diagram 1llustrating an exemplary func-
tional configuration of an 1mage forming apparatus according,
to the first embodiment;

FIG. 4 1s a drawing used to describe a sheet shape calcu-
lation method according to the first embodiment;

FIG. 5 1s another drawing used to describe a sheet shape
calculation method according to the first embodiment;

FIG. 6 1s another drawing used to describe a sheet shape
calculation method according to the first embodiment;

FIG. 7 1s a drawing used to describe a sheet shape calcu-
lation method according to a second embodiment;

FIG. 8 1s a drawing used to describe a sheet shape calcu-
lation method according to a third embodiment;

FIG. 9 1s a schematic diagram illustrating an exemplary
configuration of a sheet conveying unit of an 1mage forming
apparatus according to a fourth embodiment;

FIG. 10 1s a top view of a sheet conveying unit of an 1mage
forming apparatus according to the fourth embodiment;

FIG. 11 1s a block diagram 1llustrating an exemplary func-
tional configuration of an 1mage forming apparatus according,
to the fourth embodiment; and

FIG. 12 1s a timing chart of exemplary signals output from
a start trigger sensor, a stop trigger sensor, and a rotary
encoder.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

Preferred embodiments of the present invention are
described below with reference to the accompanying draw-
ings. Throughout the accompanying drawings, the same ret-
erence numbers are used for the same components, and over-
lapping descriptions of those components may be omitted.

First Embodiment

Configuration of Image Forming Apparatus

FIG. 1 1s a schematic diagram illustrating an exemplary
configuration of an 1image forming apparatus 101 according
to a first embodiment.

The image forming apparatus 101 1includes a tandem 1image
forming unit 34, an intermediate transier belt 135, and a sec-
ondary transfer unit 77 that constitute an image forming unait.
The secondary transfer unit 77 alone may also be referred to
as an 1mage forming unit. The image forming unmit forms an
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image on a sheet S that 1s a recording medium such as paper
or an overhead projector (OHP) sheet.

The mtermediate transier belt 15 1s disposed 1n approxi-
mately the center of the image forming apparatus 101 and 1s
stretched over multiple rollers so as to be able to rotate clock-
wise 1 FIG. 1. The intermediate transier belt 15 1s rotated by
the rotation of a roller 61.

The tandem image forming unit 34 includes multiple
developing units 33 that are arranged along the conveying
direction of the imntermediate transfer belt 15. An exposing
unit 55 1s provided above the tandem 1image forming unit 54.
Each of the developing units 53 of the tandem 1mage forming
unit 54 includes a photosensitive drum 71 that functions as an
image carrier for carrying a toner image of the corresponding
color.

Primary transfer rollers 81 are provided to face the corre-
sponding photosensitive drums 71 across the itermediate
transier belt 15, 1.e., at primary transier positions where toner
images are transferred from the photosensitive drums 71 to
the intermediate transfer belt 15.

A secondary transfer unit 77 1s provided opposite to the
tandem 1mage forming unit 54 across the intermediate trans-
ter belt 15 (1.e., downstream of the tandem 1mage forming unit
54 1n the conveying direction of the intermediate transter belt
15). The secondary transfer unit 77 includes a secondary
transier roller 14 to which a transfer electric field 1s applied
and a roller 62 facing the secondary transfer roller 14. The
secondary transter roller 14 1s pressed against the roller 62
while applying a transfer electric field to transfer an 1mage
from the intermediate transier belt 15 to the sheet S. The
secondary transfer umit 77 changes a transfer current, which s
a transier condition parameter and to be applied to the sec-
ondary transier roller 14, according to the type of sheet S.

The 1image forming apparatus 101 also includes a sheet
conveying unit 100 that detects the length 1n a conveying
direction ofthe sheet S being conveyed and the edge positions
of the sheet S 1n a width direction that 1s orthogonal to the
conveying direction, and thereby calculates the shape of the
sheet S.

The 1image forming apparatus 101 also includes a fusing
unit 50. The fusing unit S0 includes a halogen lamp 57 as a
heat source, an endless fusing belt 56, and a pressure roller 52
that 1s pressed against the fusing belt 56. The fusing unit 50

sheet S. The fusing condition parameters include the tempera-
ture of the fusing belt 56 and the pressure roller 52, a mp width
between the fusing belt 56 and the pressure roller 52, and the
rotational speed of the pressure roller 52. The sheet S onto
which an 1image has been transierred 1s conveyed by a con-
veyor belt 41 from the secondary transier unit 77 to the fusing,
unit 50.

In the 1mage forming apparatus 101, when image data and
an 1mage formation start signal are received, a drive motor
(not shown) rotates the roller 61 and thereby causes other
rollers and the intermediate transier belt 15 to rotate. At the
same time, the developing units 53 form single-color images
on the corresponding photosensitive drums 71. Then, the
single-color 1images formed by the developing unmits 53 are
transierred sequentially onto the rotating intermediate trans-
ter belt 15 so that the single-color images are superposed on
cach other to form a composite-color image (or multi-color
1mage).

Meanwhile, one of paper-feed rollers 72 of a paper-feed

table 76 1s selectively rotated to feed the sheet S from one of

paper-feed cassettes 73. The sheet S 1s conveyed by convey-
ing rollers 74 until 1t touches a pair of registration rollers 75,
which 1s an example of a registration unit (or registration

changes fusing condition parameters according to the type of
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mechanism). The registration rollers 75 correct the posture or
orientation of the sheet S being conveyed and rotate to convey
the sheet S 1 synchromzation with the timing when the
composite-color 1image on the intermediate transier belt 135
reaches the secondary transfer unit 77. The composite-color
image 1s transierred from the intermediate transfer belt 135
onto a front surface of the sheet S being conveyed by the
secondary transier unit 77.

After the composite-color image 1s transierred, the sheet S
1s conveyed by the conveyor belt 41 into the fusing unit 50
where heat and pressure are applied to fuse the transferred
image to the sheet S. When duplex printing 1s to be performed,
the sheet S with the image fused to the front surface 1s con-
veyed by a branching claw 91 and flip rollers 92 to a sheet
reversing path 93 and a duplex conveying path 94 to form a
composite-color image on a back surface of the sheet S.

When the sheet S 1s to be reversed, the sheet S 1s guided by
the branching claw 91 to the sheet reversing path 93 so that the
sheet S 1s turned upside down. On the other hand, when
single-side printing 1s performed or reversing of the sheet S1s
not necessary, the sheet S 1s guided by the branching claw 91
to paper-ejecting rollers 95.

Then, the sheet S 1s conveyed by the paper-ejecting rollers
95 to a decurling unit 96. The decurling unit 96 can change the
degree of decurling (or decurling strength) according to the
type of sheet S. The decurling unit 96 adjusts the degree of
decurling by changing the pressure applied by decurling roll-
ers 97. After decurling, the sheet S 1s ejected by the decurling
rollers 97. The above mechanism for reversing and ejecting
the sheet S may be referred to as a reversing and ejecting unat.
A purge tray 40 1s provided below the reversing and ejecting
unit.

In the exemplary configuration described above, the regis-
tration rollers 75 function as a registration mechanism for
correcting the position of the sheet S 1n the conveying direc-
tion and 1n the width direction that 1s orthogonal to the con-
veying direction. Alternatively, the registration mechanism
may be implemented by a registration gate and a skew cor-
rection mechanism. In this case, the sheet conveying unit 100
conveys the sheet S such that the sheet S reaches the second-
ary transier unit 77 at substantially the same time as the
composite-color 1mage (toner 1mage), on the intermediate
transier belt 15, reaches the secondary transter unit 77. In the
present embodiment, the sheet conveying unit 100 1s config-
ured to convey the sheet S at a constant conveying speed.
However, the sheet conveying unit 100 may be configured to
be able to vary the conveying speed.

The image forming apparatus 101 of the present embodi-
ment 1s configured such that a composite-color image formed
on the intermediate transier belt 15 1s transferred onto the
sheet S. Alternatively, the image forming apparatus 101 may
be configured such that single-color images formed on the
photosensitive drums 71 are directly transferred to and super-
posed on the sheet S. Also, the disclosure of the present
application may be applied to a monochrome 1image forming
apparatus.
<Configuration of Sheet Conveying Unit>

FIG. 2 1s a schematic diagram illustrating a part of the
image forming apparatus 101 according to the first embodi-
ment.

As illustrated by FI1G. 2, the sheet conveying unit 100 of the
image forming apparatus 101 1s disposed in a conveying path
of the sheet S.

The sheet conveying unit 100 conveys the sheet S to the
secondary transier unit 77, and also detects the length in the
conveying direction of the sheet S and the edge positions of
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the sheet S 1n the width direction that 1s orthogonal to the
conveying direction to calculate the shape of the sheet S.

The sheet conveying unit 100 may include a driven roller
11 and a drive roller 12 that function as a conveying unit, an
edge passage detection sensor 4, and a line sensor 3.

The drive roller 12 1s rotated by a driving force generated
by a driving unit (not shown) such as a motor. The driven
roller 11 1s disposed to face the drive roller 12 so that the sheet
S 1s sandwiched between the driven roller 11 and the drive

roller 12, and 1s driven by the rotation of the drive roller 12 or
the friction with the sheet S.

The edge passage detection sensor 4 1s implemented, for
example, by a transmissive or reflective optical sensor and
detects the passage of leading and trailing edges of the sheet
S 1n the conveying direction. The line sensor 5 1s 1mple-
mented, for example, by a contact image sensor (CIS) and
detects the positions of side edges of the sheet S 1n the width
direction that i1s orthogonal to the conveying direction. The
line sensor 5 1s disposed 1n the conveying path of the sheet S
between the registration rollers 75 and the driven and drive
rollers 11 and 12.

During duplex printing, the sheet S expands and contracts
and thereby deforms when heated and pressed by the fusing
unit 50 after an 1mage 1s formed on 1ts front surface, and
continues to deform even atter passing through the fusing unit
50 as the temperature decreases. For this reason, to accurately
perform magnification correction of an 1image to be printed on
the back surface of the sheet S, 1t 1s desirable to measure the
shape of the sheet S immediately before the image 1s trans-
terred onto the back surface of the sheet S. Accordingly, the
sheet conveying unit 100 1s preferably disposed immediately
upstream of the secondary transier unit 77. Hereafter, printing,
on the front surface of the sheet S is referred to as “front
surface printing” and printing on the back surface of the sheet
S 1s referred to as “back surface printing”.
<Functional Configuration of Image Forming Apparatus=>

FIG. 3 1s a block diagram illustrating an exemplary func-
tional configuration of the image forming apparatus 101
according to the first embodiment.

As illustrated by FIG. 3, the image forming apparatus 101
may 1nclude the edge passage detection sensor 4, the line
sensor 5, a sheet shape calculator 20, and an 1mage data
correction unit 23.

The sheet shape calculator 20 calculates the shape of the
sheet S, according to a method described later, based on
detection results of the edge passage detection sensor 4 and
the line sensor 5.

The 1image data correction unit 23 corrects image data to be
formed on the sheet S based on the shape of the sheet S
calculated by the sheet shape calculator 20.

With the configuration where the image data correction
unit 23 corrects image data based on the shape of the sheet S
calculated by the sheet shape calculator 20, the image form-
ing apparatus 101 can print 1mages on two sides of the sheet
S with accurate registration.
<Sheet Shape Calculation Method>

An exemplary method of calculating the shape of the sheet
S performed by the sheet shape calculator 20 1s described
below with reference to FIGS. 4 through 6.

In FIGS. 4 and 5, 1t 1s assumed that the sheet S 1s conveyed
by the sheet conveying unit 100 from the right to the left. In
FIG. 4, the sheet S before front surface printing 1s indicated by
a dotted line, and the sheet S after front surface printing is
indicated by a solid line. As exemplified by FIG. 4, when
heated and pressed by the fusing unit 50 during front surface
printing, the entire sheet S contracts and the rear part of the
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6

sheet S contracts more greatly than the front part of the sheet
S. As a result, the shape of the sheet S changes from a rect-
angle to a trapezoid.

As illustrated by FIGS. 4 and 5, along the conveying path of
the sheet S, the line sensor 5, the edge passage detection
sensor 4, and the driven and drive rollers 11 and 12 are
arranged 1n this order from the upstream side. Although not
shown 1n FIGS. 4 and 3, the registration rollers 75 are dis-
posed upstream of the line sensor 5. Also, the secondary

transier unit 77 1s disposed downstream of the driven and
driverollers 11 and 12. Also in FIGS. 4 through 6, L, indicates

the distance between the edge passage detection sensor 4 and
the line sensor 3.

In the present embodiment, the positions of side edges of
the sheet S 1n the width direction are detected by one line
sensor 5. Alternatively, multiple sensors may be used to detect
the positions of side edges of the sheet S 1n the width direc-
tion.

The registration rollers 75 disposed upstream of the sheet
conveying unit 100 correct the conveying posture (or orien-
tation) of the sheet S such that the leading edge of the sheet S
becomes substantially orthogonal to the conveying direction,
and convey the sheet S 1n synchromization with the transfer
timing (or image formation timing) of the secondary transier
unit 77 disposed downstream of the sheet conveying unit 100.

When the sheet S 1s conveyed by the registration rollers 75
and the leading edge of the sheet S 1s detected by the edge
passage sensor 4 as 1illustrated 1n FIG. 4, the line sensor 5
detects positions Y1 and Y2 of the side edges of the sheet S 1n
the width direction that 1s orthogonal to the conveying direc-
tion. Here, the position Y1 detected by the line sensor 5 1s
defined as zero (Y1=0) and the direction from the position Y1
toward the position Y2 1s defined as a positive direction.
Alternatively, an end of the line sensor 5 may be defined as
zero and the position Y1 may be represented by a positive
value. Accordingly, the descriptions and formulas below may
also be applied to a case where the position Y1 1s not defined
as Zero.

Next, as 1llustrated by FIG. 5, when the sheet S 1s conveyed
by a distance L, by the driven and drive rollers 11 and 12 after
the positions Y1 and Y2 of the side edges of the sheet S 1n the
width direction are detected by the line sensor 5, the line
sensor 3 detects again positions Yal and Ya2 of the side edges
of the sheet S in the width direction. When Yal>Y1 and
Ya2<Y2, this indicates that the degree of contraction of the
sheet S gradually increases from the leading edge toward the
trailing edge (1.e., 1 the direction opposite to the conveying
direction), and the sheet S 1s deformed 1nto a trapezoid.

The distance. L |, based on which the side edges of the sheet
S are detected, 1s preferably set at a value that 1s greater than
or equal to two thirds (24) of a length La of the sheet S 1n the
conveying direction. That 1s, the line sensor 5 1s preferably
configured to detect the positions of the side edges ol the sheet
S 1n the width direction at positions 1n the conveying direction
of the sheet S that are as close as possible to the leading edge
and the trailing edge.

The sheet shape calculator 20 calculates an angle 0.,
between the conveying direction and a straight line connect-
ing the positions Y1 and Yal of the side edges of the sheet S
and an angle 0., between the conveying direction and a
straight line connecting the positions Y2 and Ya2 of the side
edges of the sheet S according to formulas (1) and (2) below.

tan GLIZ(}’EII—YI)/LI (1)

tan @Rlz(YQ—YEZ)/Ll (2)
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Also, as 1llustrated by FIG. 6, the sheet shape calculator 20
calculates a length (width) Wa at the leading edge of the sheet
S 1n the width direction that 1s orthogonal to the conveying
direction according to formula (3) below. In formula (3), Ws
indicates a width of the sheet S at the distance L, from the
leading edge.

Wa=Ws+ W; + Wy (3)

= Ws + (Lo -tanfr) + (Lo - tanfg; )

On the other hand, when the sheet S 1s deformed such that
its width gradually increases from the leading edge toward the
trailing edge, the width Wa at the leading edge of the sheet S
can be obtained according to formula (4) below.

Wa=Ws— W; — Wp (4)

= Ws — (g -tanfy;) — (Lo - tanfp) )

After the positions Yal and Ya2 of the side edges of the
sheet S 1n the width direction are detected by the line sensor
5, the sheet S 1s conveyed by the driven and drive rollers 11
and 12 and the trailing edge of the sheet S 1s detected by the
edge passage detection sensor 4. The sheet shape calculator
20 can obtain the length La in the conveying direction of the
sheet S based on the time between the detection of the leading
edge and the detection of the trailing edge of the sheet S by the
edge passage detection sensor 4, and the conveying speed of
the sheet S.

As described above, the sheet shape calculator can calcu-
late the angles 0, , and 0., between the conveying direction
and the lines connecting the positions Y1 and Yal and con-
necting the positions Y2 and Ya2 of the side edges of the sheet
S, the width Wa at the leading edge of the sheet S, and the
length La in the conveying direction of the sheet S, and
calculate the shape of the sheet S based on the calculated
values.

Next, an exemplary process of correcting an 1mage mag-
nification based on the shape of the sheet S calculated by the
sheet shape calculator 20 1s described. According to the
present embodiment, the sheet shape calculator 20 calculates
the shape of the sheet S immediately before the sheet S
reaches the secondary transfer roller 14 (i.e., at a position
immediately upstream of the secondary transier roller 14 1n
the conveying direction). Accordingly, the calculated shape
of a current sheet S 1s used to adjust an exposure data size and
exposure timing for a next sheet S that follows the current
sheet S.

The exposing unmit 55 of the image forming apparatus 101
includes a data buffer that 1s implemented, for example, by a
memory and used to buflfer input 1image data; an 1mage data
generator for generating image data used to form an 1mage; an
image magnification correcting unit for correcting an 1image
magnification 1n the sheet conveying direction based on sheet
s1ze information; a clock generator for generating a writing
clock signal; and a light-emitting device that 1lluminates the
photosensitive drum 71 to form an 1mage.

The data butlfer buifers input image data sent from a host
device such as a controller according to a transier clock
signal.

The image data generator generates 1image data based on
the writing clock signal from the clock generator and pixel
insertion/omission information from the image magnification
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correcting unit, and outputs driving data. In the driving data,
alength corresponding to one cycle of the writing clock signal
corresponds to one pixel to be formed. The driving data
output from the image data generator turns on and off the light
emitting device

The 1mage magnification correcting unit generates an
image magnification switching signal for switching image
magnifications based on the shape of the sheet S calculated by
the sheet shape calculator 20 of the sheet conveying unit 100.

The clock generator operates at a high frequency that 1s
several times higher than the frequency of the writing clock
signal to be able to change clock cycles and to be able to
perform 1mage correction such as pulse-width modulation.
Basically, the clock generator generates the writing clock
signal at a frequency corresponding to the apparatus speed.

The light-emitting device 1s implemented, for example, by
one of or a combination of a semiconductor laser, a semicon-
ductor laser array, and a surface-emitting laser.

As described above, 1n the 1mage forming apparatus 101,
the 1mage data correction unit 23 corrects image data to be
printed on the sheet S based on the shape of the sheet S
calculated by the sheet shape calculator 20 so that an 1image 1s
printed according to the shape of the sheet S. Thus, the present
embodiment makes 1t possible to accurately perform magni-
fication correction and improve the registration accuracy for
a print image to be printed on the back surface of the sheet S
that 1s deformed as a result of processing performed by the
fusing unit 50 after front surface printing. Also, according to

the present embodiment, the number of times the line sensor
5 detects the positions of the side edges of the sheet S 1n the
width direction 1s limited to a minimum value. This 1 turn
makes 1t possible to reduce the processing load for sheet
shape calculations and 1image data correction.

Second Embodiment

Next, a second embodiment 1s described with reference to
the accompanying drawings. Below, descriptions of compo-
nents of the image forming apparatus 101 of the second
embodiment that are substantially the same as those of the
first embodiment are omaitted.

In the image forming apparatus 101 of the second embodi-
ment, the line sensor 5 detects the positions of the side edges
ol the sheet S 1n the width direction three or more times to
calculate a more complex shape of a deformed sheet S.

An exemplary method of calculating the shape of the sheet
S by the image forming apparatus 101 of the second embodi-
ment 1s described below with reference to FI1G. 7.

When the sheet S 1s conveyed by the registration rollers 75
and detected by the edge passage detection sensor 4, the line
sensor 3 detects positions Y1 and Y2 of the side edges of the
sheet S 1n the width direction for the first time (or at the first
detection position). Here, the position Y1 detected by the line
sensor 3 1s defined as zero and the direction from the position
Y1 toward the position Y2 1s defined as a positive direction.

When the sheet S 15 further conveyed by a distance L, the
line sensor 5 detects positions Yal and Ya2 of the side edges
of the sheet S 1n the width direction for the second time (or at
the second detection position). Here, the distance L, 1s set at
a value that 1s less than or equal to one second (2) of the
length 1n the conveying direction of the sheet S.

In the example of FIG. 7, Yal<Y1 and Ya2>Y2. This 1ndi-
cates that the width of the sheet S gradually increases from the
leading edge toward a position corresponding to the distance
L, 1n the conveying direction. The sheet shape calculator 20
calculates angles 0,, and 0, between the conveying direction
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and lines connecting the positions Y1 and Yal and connecting
the positions Y2 and Ya2, according to formulas (5) and (6)
below.

tan 0, ,=(¥Y1-Yal) (5)

tan 6,,=(Y¥a2-Y2)/L, (6)

When the sheet S 1s further conveyed by a distance L, the
line sensor 3 detects positions Yb1 and Yb2 of the side edges
ol the sheet S 1n the width direction for the third time (or at the
third detection position). In the example of FIG. 7, Yb1>Yal
and Yb2<Ya2. This indicates that the width of the sheet S
gradually decreases from the second detection position
toward the third detection position. The sheet shape calculator
20 calculates angles 0, , and 0, between the conveying direc-
tion and lines connecting the positions Yal and Yb1l and

connecting the positions Ya2 and Yb2, according to formulas
(7) and (8) below.

tan BLEZ(}%l—ml)/Lz (7)

The sheet shape calculator 20 also calculates a width Wa at
the leading edge of the sheet S according to formula (9)
below. In formula (9), Wsl 1ndicates the width of the sheet S
at the distance L, from the leading edge (1.e., at the first
detection position).

Wa = Wsl — WL — WR (9)

= Wsl — (Lo -tanfy ;) — (Lo - tanfg, )

Also, the sheet shape calculator 20 calculates a width Ws2
of the sheet S at the second detection position (where the
positions Yal and Ya2 of the side edges of the sheet S are
detected) based on a difference between the values of the
positions Yal and Ya2. Further, the sheet shape calculator 20
can obtain the length La 1n the conveying direction of the
sheet S based on the time between the detection of the leading
edge and the detection of the trailing edge of the sheet S by the
edge passage detection sensor 4, and the conveying speed of
the sheet S.

As described above, the sheet shape calculator 20 can
calculate the angles 0,,, 0,,, 0,,, and 0, between the con-
veying direction and lines Y1-Yal, Yal-Ybl, Y2-Ya2, and
Ya2-Yb2 connecting the positions of the side edges of the
sheet S detected by the line sensor 5 at the detection positions,
the width Wa at the leading edge of the sheet S, the width Ws2
at the second detection position of the sheet S, and the length
La in the conveying direction of the sheet S, and calculate the
shape of the sheet S based on the calculated values.

Thus, the image forming apparatus 101 of the second
embodiment can calculate the shape of the sheet S even when
the sheet S 1s deformed from a rectangle into a shape other
than a trapezoid. Accordingly, even when the sheet S 1s
deformed into a complex shape, the image forming apparatus
101 can print images on two sides of the sheet S with accurate
registration according to 1image data corrected by the image
data correction unit 23 based on the shape of the sheet S
calculated by the sheet shape calculator 20.

The shape of the sheet S can be more accurately calculated
by increasing the number of times the positions of the side
edges of the sheet S are detected by the line sensor 5. How-
ever, increasing the number of times of detecting the side edge
positions increases the processing load and the amount of
data necessary for sheet shape calculations and 1mage data
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correction. Therefore, the number of times of detecting the
side edge positions 1s preferably set at a value that 1s suitable
for the performance of the image forming apparatus 101.

Third Embodiment

Next, a third embodiment 1s described with reference to the
accompanying drawings. Below, descriptions of components
of the image forming apparatus 101 of the third embodiment
that are substantially the same as those of the above-described
embodiments are omitted.

In the image forming apparatus 101 of the third embodi-
ment, the line sensor 3 detects the positions of the side edges
of the sheet S 1n the width direction three or more times, and
averages of angles between the conveying direction and lines
connecting side edge positions of the sheet S calculated at the
respective detection positions (or detection intervals) are
obtained. Then, the sheet shape calculator 20 calculates the
shape of the sheet S based on the obtained averages of angles.

This configuration makes 1t possible to reduce the processing
load and the amount of data necessary for sheet shape calcu-
lations and 1mage data correction.

An exemplary method of calculating the shape of the sheet
S by the image forming apparatus 101 of the third embodi-
ment 1s described below.

When the sheet S 1s conveyed by the registration rollers 75
and detected by the edge passage detection sensor 4, the line
sensor 3 detects positions Y1 and Y2 of the side edges of the
sheet S 1n the width direction for the first time (or at the first
detection position). Here, the position Y1 detected by the line
sensor 5 1s defined as zero and the direction from the position
Y1 toward the position Y2 1s defined as a positive direction.

When the sheet S 1s further conveyed by a distance L, the
line sensor 5 detects positions Yal and Ya2 of the side edges
of the sheet S 1n the width direction for the second time (or at
the second detection position). Here, the distance L, 1s set at
a value that 1s less than or equal to one half (V42) of the length
in the conveying direction of the sheet S.

In the example of FIG. 8, Yal>Y1 and Ya2<Y2. This indi-
cates that the width of the sheet S gradually decreases from
the leading edge toward a position corresponding to the dis-
tance L, 1n the conveying direction. The sheet shape calcula-
tor 20 calculates angles 0,, and 0,, between the conveying
direction and lines connecting the positions Y1 and Yal and
connecting the positions Y2 and Ya2, according to formulas

(10) and (11) below.

tan 0, ,=(¥a1-¥1)/L, (10)

tan BRIZ(YE—YQZ)/LI (11)

When the sheet S 1s further conveyed by a distance L, the
line sensor 5 detects positions Yb1 and Yb2 of the side edges
of the sheet S 1n the width direction for the third time (or at the
third detection position). In the example of FIG. 8, Yb1>Yal
and Yb2<Ya2. This indicates that the width of the sheet S also
gradually decreases from the second detection position
toward the third detection position. The sheet shape calculator
20 calculates angles 0, , and 0, between the conveying direc-
tion and lines connecting the positions Yal and Ybl and
connecting the positions Ya2 and Yb2, according to formulas

(12) and (13) below.

tan 0 x,=(Ya2-Yb2)/L, (13)
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Then, the sheet shape calculator 20 calculates, according to
formulas (14) and (135), averages of the angles at the respec-

tive sides ol the sheet S that are calculated using formulas (10)
through (13).

tan ﬁLaZ(taﬂ 6L1+ . .. +tan GL(H—I))/(H_]‘) (14)

(15)

In formulas (14) and (15), “n” indicates the number of
times the positions of the side edges of the sheet S inthe width
direction are detected by the line sensor 3.

The sheet shape calculator 20 also calculates a width Wa at
the leading edge of the sheet S according to formula (16)
below. In formula (16), Wsl indicates the width of the sheet S
at the distance L, from the leading edge (1.e., at the first s
detection position).

tan GRaZ(tall 6R1+ .. . +tan GR(H—I))/(H_I)

Wa = Wsl + W, + Wy (16)

= Wsl + (Lo -tanfy ;) + (Lo - tanfp; ) 20

Further, the sheet shape calculator 20 can obtain the length
La 1n the conveying direction of the sheet S based on the time
between the detection of the leading edge and the detection of 25
the trailing edge of the sheet S by the edge passage detection
sensor 4, and the conveying speed of the sheet S.

As described above, the sheet shape calculator 20 can
calculate the averages 0, and 0, of angles between the
conveying direction and the lines connecting the positions of 30
the side edges of the sheet S detected by the line sensor 3 at the
respective detection positions, the width Wa at the leading
edge of the sheet S, and the length La in the conveying
direction of the sheet S, and calculate the shape of the sheet S
based on the calculated values.

Thus, the 1mage forming apparatus 101 of the third
embodiment can calculate the shape of the sheet S based on
the averages of angles between the conveying direction and
the lines connecting the positions of the side edges of the
sheet S detected by the line sensor 3 at the respective detection
positions. Accordingly, the image forming apparatus 101 of
the third embodiment can print 1mages on two sides of the
sheet S with accurate registration while reducing the process-
ing load and the amount of data necessary for sheet shape
calculations by the sheet shape calculator 20 and image data
correction by the image data correction unit 23.

35

40

45

Fourth Embodiment
Next, a fourth embodiment 1s described with reference to 50
the accompanying drawings. Below, descriptions of compo-
nents of the image forming apparatus 101 of the fourth
embodiment that are substantially the same as those of the
above-described embodiments are omitted.

According to the fourth embodiment, the 1image forming
apparatus 101 includes sensors for detecting the passage of
edges of the sheet S that are disposed upstream and down-
stream of the driven and drive rollers 11 and 12 1n the con-
veying direction, and an encoder for measuring the amount of
rotation of the driven roller 11. This configuration makes 1t
possible to accurately measure a distance (conveyed distance)
that the sheet S 1s conveyed and the length of the sheet S 1n the
conveying direction, and thereby makes 1t possible to more
accurately calculate the shape of the sheet S.
<Configuration of Sheet Conveying Unit>

An exemplary configuration of the sheet conveying unit
100 of the image forming apparatus 101 according to the
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fourth embodiment 1s described below with reference to
FIGS. 9 and 10. FIG. 9 1s a schematic diagram of the sheet
conveying unit 100, and FIG. 10 15 a top view of the sheet
conveying unit 100.

The sheet conveying unit 100 1includes the drive roller 12
that 1s rotated by a driving force generated by a driving unit
(not shown) such as a motor and the driven roller 11 disposed
to face the drive roller 12 so that the sheet S 1s sandwiched
between the driven roller 11 and the drive roller 12. The
driven roller 11 1s driven by the rotation of the drive roller 12
or the friction with the sheet S.

The registration rollers 75 are provided upstream of the
driven and drive rollers 11 and 12 in the sheet conveying
direction. The secondary transier unit 77 1s provided down-
stream of the driven and drive rollers 11 and 12 1n the sheet
conveying direction.

As 1llustrated 1n FI1G. 10, a length Wr ofthe driven roller 11
in the width direction that 1s orthogonal to the sheet conveying
direction 1s less than a minimum width Ws of the sheet S
supported by the sheet conveying unit 100. Accordingly, the
driven roller 11 does not touch the drive roller 12 when
conveying the sheet S and 1s driven solely by the friction with
the sheet S. With this configuration, the driven roller 11 1s not
influenced by the drive roller 12 when conveying the sheet S
and can be used to accurately measure the distance that the
sheet S 1s conveyed.

As 1llustrated 1n FIGS. 9 and 10, a rotary encoder 18 1s
provided on the rotational shait of the driven roller 11 of the
sheet conveying unit 100. The rotary encoder 18 includes an
encoder disk 18a that rotates along with the rotation of the
driven roller 11 and an encoder sensor 186 that detects slits
formed 1n the encoder disk 18a and generates a pulse signal.
A pulse counter 21 (see FIG. 11) used as a conveyed amount
measuring unit counts pulses 1n the pulse signal and thereby
measures the amount of rotation of the driven roller 11 that
represents the conveyed amount (or length) of the sheet S.

Although the rotary encoder 18 1s provided on the rota-
tional shaft of the driven roller 11 according to the present
embodiment, the rotary encoder 18 may instead be provided
on the rotational shaft of the drive roller 12. Here, the number
ol rotations of a roller necessary to convey the sheet S a given
distance increases and the number of pulses counted to mea-
sure the distance increases as the diameter of the roller
becomes smaller. Accordingly, to accurately measure a con-
veyed distance of the sheet S, the diameter of a roller to which
the rotary encoder 18 1s attached 1s preferably as small as
possible.

Also, the driven roller 11 or the drive roller 12 to which the
rotary encoder 18 1s attached 1s preferably made of a metal
material to reduce the axis detlection. Reducing the axis
deflection makes 1t possible to accurately measure the con-
veyed distance of the sheet S.

A start trigger sensor 3 and a stop trigger sensor 4' are
provided downstream and upstream of the driven and drive
rollers 11 and 12 1n the sheet conveying direction. The start
trigger sensor 3 and the stop trigger sensor 4' detect the
passage of the edges of the sheet S being conveyed. The start
trigger sensor 3 and the stop trigger sensor 4' may be 1mple-
mented, for example, by transmissive or reflective optical
sensors that can accurately detect the edges of the sheet S. In
the present embodiment, it 1s assumed that the start trigger
sensor 3 and the stop trigger sensor 4' are implemented by
reflective optical sensors.

The start trigger sensor 3 1s disposed downstream of the
driven and drive rollers 11 and 12 in the sheet conveying
direction and used as a downstream detector for detecting the
passage of the leading edge of the sheet S. The stop trigger
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sensor 4' 1s disposed upstream of the driven and drive rollers
11 and 12 1n the sheet conveying direction and used as an
upstream detector for detecting the passage of the trailing
edge of the sheet S.

As 1llustrated 1n FIG. 10, the start trigger sensor 3 and the
stop trigger sensor 4' are disposed substantially at the same
position in the width direction that i1s orthogonal to the con-
veying direction of the sheet S. This configuration makes it
possible to minimize the mifluence of the posture or orienta-
tion of the sheet S being conveyed (1.¢., a skew with respect to
the conveying direction) and thereby makes 1t possible to

more accurately measure the conveyed distance of the sheet
S.

In the present embodiment, the start trigger sensor 3 and
the stop trigger sensor 4' are disposed substantially at the
center 1n the width direction that 1s orthogonal to the sheet
conveying direction. Alternatively, the start trigger sensor 3
and the stop trigger sensor 4' may be disposed at a position
that 1s shifted from the center in the width direction.

The sheet conveying unit 100 also includes the line sensor
5 between the registration rollers 75 and the driven roller 11 1n
the sheet conveying direction. The line sensor 5 detects the
positions of side edges of the sheet S 1n the width direction.

In FIG. 10, “A” indicates a distance between the start
trigger sensor 3 and the driven and drive rollers 11 and 12 in
the conveying path of the sheet S, and “B” indicates a distance
between the stop trigger sensor 4' and the driven and drive
rollers 11 and 12. The distances A and B are preferably set at
the smallest possible values to reduce a pulse counting range
described later.

The drive roller 12 rotates in a direction indicated by an
arrow 1n FI1G. 9. When not conveying the sheet S (i.e., when
idling), the driven roller 11 1s rotated by the rotation of the
drive roller 12. On the other hand, when conveying the sheet
S, the driven roller 11 1s rotated by the sheet S. When the
driven roller 11 1s rotated, the rotary encoder 18 provided on
the rotational shaft of the driven roller 11 generates a pulse
signal.

When the sheet S 1s conveyed 1n a direction (sheet convey-
ing direction) indicated by an arrow 1n FIG. 10 and the pas-
sage of the leading edge of the sheet S 1s detected by the start
trigger sensor 3, the pulse counter connected to the rotary
encoder 18 starts counting pulses in the pulse signal. When
the passage of the trailing edge of the sheet S 1s detected by the
stop trigger sensor 4', the pulse counter 21 stops counting
pulses 1n the pulse signal.
<Functional Configuration of Image Forming Apparatus=>

FI1G. 11 1s a block diagram illustrating an exemplary func-
tional configuration of the image forming apparatus 101
according to the fourth embodiment.

As illustrated by FIG. 11, the image forming apparatus 101
may 1nclude the start trigger sensor 3, the stop trigger sensor
4', the line sensor 5, the rotary encoder 18, the sheet shape
calculator 20, the pulse counter 21, a conveyed distance cal-
culator 22, and the 1mage data correction unit 23. The driven
and drive rollers 11 and 12, the rotary encoder 18, the start
trigger sensor 3, the stop trigger sensor 4', and the conveyed
distance calculator 22 may be collectively referred to as a
length measuring unit.

The sheet shape calculator 20 calculates the shape of the
sheet S based on the length in the conveying direction of the
sheet S calculated by the conveyed distance calculator 22 and
detection results of the line sensor 5. The sheet shape calcu-
lator 20 may use any one of the methods described in the first
through third embodiments to calculate the shape of the sheet
S. In calculating the shape of the sheet S, the sheet shape
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calculator 20 uses the length 1n the conveying direction of the
sheet S that 1s calculated by the conveyed distance calculator
22.

The pulse counter 21 counts pulses 1n the pulse signal
generated by the encoder sensor 186 by detecting slits formed
in the encoder disk 18a of the rotary encoder 18 attached to
the driven roller 11, and thereby measures the amount of
rotation of the driven roller 11 that represents the conveyed
amount of the sheet S.

The conveyed distance calculator 22 calculates the con-
veyed distance and the length in the conveying direction of
the sheet S based on results of detecting the sheet S by the start
trigger sensor 3 and the stop trigger sensor 4 and the amount
of rotation of the driven roller 11 measured by the pulse
counter 21.

The image data correction unit 23 corrects image data to be
formed on the sheet S based on the shape of the sheet S
calculated by the sheet shape calculator 20.

With the configuration where the 1mage data correction
unit 23 corrects image data based on the shape of the sheet S
calculated by the sheet shape calculator 20, the 1image form-
ing apparatus 101 can print images on two sides of the sheet
S with accurate registration.
<Conveyed Distance Calculation Method>

Next, an exemplary method of calculating the conveyed
distance of the sheet S by the image forming apparatus 101 1s
described.

FIG. 12 1s a timing chart of exemplary signals output from
the start trigger sensor 3, the stop trigger sensor 4, and the
rotary encoder 18.

When the driven roller 11 1s rotated, the rotary encoder 18
provided on the rotational shait of the driven roller 11 gener-
ates a pulse signal.

In the example of F1G. 12, after the conveyance of the sheet
S 1s started, the stop trigger sensor 4' detects the passage ol the
leading edge of the sheet S at time t1, and the start trigger
sensor 3 detects the passage of the leading edge of the sheet S
at time t2.

Then, the stop trigger sensor 4' detects the passage of the
trailing edge of the sheet S at time t3, and the start trigger
sensor 3 detects the passage of the trailing edge of the sheet S
at time t4.

The pulse counter 21 counts pulses 1n the pulse signal
output from the rotary encoder 18 during pulse counting time
between time t2 at which the passage of the leading edge of
the sheet S 1s detected by the start trigger sensor 3 and time t3
at which the passage of the trailing edge of the sheet S 1s
detected by the stop trigger sensor 4'.

When “r” indicates the radius of the driven roller 11 to
which the rotary encoder 18 1s attached, “N”” indicates the
number of encoder pulses corresponding to one rotation of
the driven roller 11, and “n” mdicates the number of pulses
counted during the pulse counting time, a conveyed distance.
L. of the sheet S between time {2 and time t3 1s obtained by
formula (17) below.

L=(n/N)x2mr (17)

n: the number of counted pulses

N: the number of encoder pulses corresponding to one

rotation of the driven roller 11 [/r]

r: the radius of the driven roller 11 [mm]

Generally, the sheet conveying speed fluctuates depending,
on the accuracy of the external shape of a roller (particularly,
the drive roller 12) for conveying the sheet S, the machine
accuracy such as axis deflection accuracy of the roller, the
rotational accuracy of, for example, a motor, and the accuracy
of apower transmission system including gears and belts. The
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sheet conveying speed may also fluctuate due to slippage
between the drive roller 12 and the sheet S, and a slack 1n the
sheet S caused by a difference 1n the sheet conveying force or
the sheet conveying speed between upstream and downstream
conveying units. For these reasons, the pulse cycle or the
pulse width of the pulse signal generated by the rotary
encoder 18 always fluctuates. However, the number of pulses
does not fluctuate.

Accordingly, the conveyed distance calculator 22 of the
sheet conveying unit 100 can accurately calculate the con-
veyed distance L of the sheet S conveyed by the driven and
drive rollers 11 and 12 according to formula (17) without
relying on the sheet conveying speed.

The conveyed distance calculator 22 can also calculate, for
example, a ratio between the conveyed distances of pages of
the sheet S and a ratio between the conveyed distances of the
sheet S 1n the front surface printing and the back surface
printing (1.€., before and aiter the fusing process by the fusing
unit 50).

For example, the conveyed distance calculator 22 can cal-
culate an expansion/contraction ratio (percentage) R accord-
ing to formula (18) below based on a ratio of the conveyed
distance before a fusing process to the conveyed distance after
the fusing process.

R=[(n2/N)x2mr]|/[(n1/N)x2nr] (1%)

nl: the number of pulses counted when the sheet S 1s
conveyed before the fusing process
n2: the number of pulses counted when the sheet S 1s
conveyed alter the fusing process
For example, when N=2800 [/r] and r=9 [mm] and the
number of pulses nl counted when a sheet S with the A3 size
(420x297 mm) 1s conveyed 1n the length direction 1s 18816,
the conveyed distance L1 of the sheet S 1s obtained by the
following formula:

L1=(18816/2800)x27x9=380.00 [mm]

Meanwhile, when the number of pulses n2 counted after
the fusing process 1s performed on the sheet S 1s 18739, the
conveying distance L2 of the sheet S 1s obtained by the fol-
lowing formula:

L2=(18759/2800)x271x9=378.86 [mm]

A difference AL between the conveyed distance measured
betore the fusing process and the conveyed distance mea-
sured after the fusing process (or between the conveyed dis-
tances 1n the front surface printing and the back surface print-
ng) 1s

AL=380.00-378.86=1.14 |mm]

Also, based on the conveyed distance L1 and the conveyed
distance L2, the expansion/contraction ratio R of the sheet S
(or the ratio between the lengths of the sheet S in the front
surface printing and the back surface printing) can be
obtained as follows:

R=378.86/380.00=99.70[%]

Thus, 1n the above example, the length in the conveying
direction of the sheet S 1s reduced by 1 mm due to the fusing
process. In this case, 11 the lengths of images printed on the
front and back surfaces of the sheet S are the same, misreg-
istration of about 1 mm occurs. According to the present
embodiment, the image data correction unit 23 corrects the
length of an 1image to be printed on the back surface of the
sheet S based on the expansion/contraction ratio R to improve
the registration accuracy. The image data correction unit 23 at
the same time corrects the width of the image to be printed on
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the back surface of the sheet S based on the width of the sheet
S calculated by the sheet shape calculator 20.

In the exemplary method described above, the expansion/
contraction ratio R 1s obtained based on the conveyed dis-
tances L1 and .2 of the sheet S measured before and after the
fusing process. Alternatively, the image forming apparatus
101 may include an expansion/contraction ratio calculation
umt that calculates an expansion/contraction ratio R repre-
sented by a ratio between the number of pulses nl and the
number of pulses n2 that are counted when conveying the
sheet S before and after the fusing process.

For example, when the number of pulses nl 1s 18816 and
the number of pulses n2 1s 18759, the expansion/contraction
ratio R 1s obtained as follows:

R=n2/n1=18759/18816=99.70[%]

Here, a length L in the conveying direction of the sheet S
can be obtained by adding a distance “a” between the start
trigger sensor 3 and the stop trigger sensor 4' 1llustrated in
FIG. 9 to the conveyed distance L obtained by formula (17).

L=(n/N)x2nr+a (19)

a: the distance between the start trigger sensor 3 and the
stop trigger sensor 4'

Thus, the conveyed distance calculator 22 of the sheet
conveying unit 100 can calculate the length 1n the conveying
direction of the sheet S according to formula (19), 1.e., by
adding the distance “a” between the start trigger sensor 3 and
the stop trigger sensor 4' to the conveyed distance L obtained
by formula (17).

Also, the conveyed distance calculator 22 can calculate an
expansion/contraction ratio R according to formula (20)
below based on a ratio of the length L. in the conveying
direction of the sheet S before a fusing process 1n the electro-
photography to the length L 1n the conveying direction of the
sheet S after the fusing process.

R=[(n2/N)x2mr+a]/[(nl/N)x2nr+a] (20)

Thus, the conveyed distance calculator 22 of the sheet
conveying unit 100 can accurately calculate the lengths L 1n
the conveying direction of the sheet S and calculate the expan-
s1on/contraction ratio R based on the lengths L.

As described above, the image forming apparatus 101 of
the fourth embodiment includes the conveyed distance calcu-
lator 22 that can accurately calculate the conveyed distance
and the length 1n the conveying direction of the sheet S. With
this configuration, the sheet shape calculator 20 can more
accurately calculate the shape of the sheet S based on the
length 1n the conveying direction of the sheet S calculated by
the conveyed distance calculator 22. Accordingly, when per-
forming duplex printing, the image forming apparatus 101
can perform magnification correction on 1image data accord-
ing to the calculated shape of the sheet S and improve the
registration accuracy.

An 1mage forming apparatus according to preferred
embodiments of the present invention are described above.
However, the present invention 1s not limited to the specifi-
cally disclosed embodiments, and varnations and modifica-
tions may be made without departing from the scope of the
present 1nvention.

An aspect of this disclosure provides an 1mage forming
apparatus that can accurately calculate the shape of a record-
ing medium and improve the registration accuracy of images
printed on the front and back surfaces of the recording
medium.
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What 1s claimed 1s:

1. An 1image forming apparatus, comprising:

an 1mage forming unit that forms an 1mage on a recording,
medium;

a width detector that detects positions of points on side
edges of the recording medium 1n a width direction that
1s orthogonal to a conveying direction in which the
recording medium 1s conveyed, wherein the width detec-
tor detects the positions of the points on the side edges of
the recording medium at multiple detection positions
along the conveying direction;

a length measuring unit that measures a length 1n the con-
veying direction of the recording medium;

a shape calculator that
calculates angles between the conveying direction and

straight lines each of which connects the positions of
the points on a same side edge detected at the multiple
detection positions,

calculates a width of a leading edge of the recording
medium based on the positions of the points on the
side edges and the angles, and

calculates a shape of the recording medium based on the
angles, the length of the recording medium, and the
width of the leading edge of the recording medium;
and

a correction unit that corrects image data of the image to be
formed by the image forming umt based on the calcu-
lated shape of the recording medium,

wherein the length measuring unit includes
a conveying unit that conveys the recording medium,

a conveyed amount measuring unit that measures a con-
veyed amount of the recording medium conveyed by
the conveying unit,

a downstream detector that 1s disposed downstream of
the conveying unit in the conveying direction and
detects the recording medium,

an upstream detector that 1s disposed upstream of the
conveying unit and detects the recording medium, and

a conveyed distance calculator that calculates a con-
veyed distance of the recording medium based on
detection results of the conveyed amount measuring
unit, the downstream detector, and the upstream
detector.
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2. The image forming apparatus as claimed in claim 1,
wherein

the width detector detects the positions of the points on the
side edges of the recording medium at three or more
detection positions; and

the shape calculator calculates the angles for the respective
straight lines connecting the positions of the points on
the side edges detected at the three or more detection
positions.

3. The image forming apparatus as claimed in claim 2,
wherein the shape calculator calculates the shape of the
recording medium based on averages of the angles calculated
for the respective straight lines.

4. The image forming apparatus as claimed 1n claim 1,
wherein the correction unit corrects the image data of the
image to be formed by the image forming unit on a next
recording medium that follows the recording medium, based
on the calculated shape of the recording medium.

5. The image forming apparatus as claimed 1n claim 1,
further comprising:

a registration unit that corrects an orientation of the record-
ing medium being conveyed and conveys the recording,
medium 1n synchronization with image formation tim-
ing of the image forming unit,

wherein the width detector 1s disposed between the regis-
tration unit and the 1image forming unit in a conveying
path of the recording medium.

6. The image forming apparatus as claimed in claim 1,
wherein the conveyed distance calculator calculates the con-
veyed distance of the recording medium based on the con-
veyed amount measured by the conveyed amount measuring
unit between a time when the recording medium 1s detected
by the downstream detector and a time when the recording
medium 1s detected by the upstream detector.

7. The image forming apparatus as claimed in claim 1,
wherein the conveying unit includes

a drive roller that rotates to convey the recording medium,
and

a driven roller that 1s disposed to face the drive roller so that
the recording medium 1s sandwiched between the drive
roller and the driven roller and 1s driven by rotation of the
drive roller.
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